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The invention concerns a process for preparing 2-oxo-l-pyrrofcdine derivatives. 
( SH-)Hx-ethyi-2-oxo-l-pyrrolldlne acetamide. which Is referred under the 
International Nonproprietary Name of Levetiracetam. 



10 



9*o 

^v^A^NHj 
O 

Levetiracetam 

is disclosed as a protective agent for the treatment and the prevention of hypoxic and 
ischemic type aggressions of the central nervous system in the European patent No. O 
162 036. This compound is also effective to the treatment of epilepsy. 

The preparation of Levetiracetam has been described in the European patent 
No. 0 162 036 and in the British patent No. 2 225 322. 

Other derivatives of 2-oao-l-pyrroUdme and their synthesis have been 
disclosed in WO 01/62726. This patent application specifically discloses the synthesis 
of CZS)-2-(2-oKo^n-propyl'l'pyrroMdlnyIJbutanamide using a two-step reaction 
wherein, in the first step, 4-n-propyi-hydroavturanone is reacted with S-2- 
amtoobutyramide in the presence of NaBHj in order to form and isolate the 
corresponding unsaturated pyrrolidone, followed by a second reaction step, wherein 
the unsaturated pyrrolidone Is hydrogenated with NH4COOH In the presence of a 
Pd/C catalyst. 

20 The present invention relates to a simple and more economical process for the 

preparation of 2-oxo-l -pyrrolidine derivatives. 

The invention provides a process for the preparation of 2-axo-l-pyrroUdtoe 
derivatives of general formula 08. and salts thereof. 



15 
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Rl is R* or . __: 

- R3 and .R4.are-the-same-or different and each is,, independently. 

hydrogen. hydroxy, thiol, halogen, cyano. carboy, sulfonic add. R*. R». 

alkylsulfonyi. arylsulfonyU alkylsulfinyl. arylsulflnyl, alkylthio. arylthio, alkoxy, 

aryloxy, sulfonamide, acyl. ester, amldo. acyioxy. esteroxy or amidooxy; 

X is -CONR 5 R 6 , -COOR 7 or -CN: 

R 5 , R 6 . R 7 are the same or different, and each is, independently. 

hydrogen. R ft orR b : 

R* is Cl-20 alkyl or Cl-20 alkyl substituted by one or more hydroxy, 
thiol, halogen, cyano. carboxy, sulfonic add. BP. alkylsulfonyl, arylsulfenyl. 
alkylsulBnyl, arylsulflnyl. alkylthio. aryltbio. alkoxy. aryloxy. sulfonamide, acyl. 
ester, amldo, acyioxy. esteroxy and/or amldoaxy, 

Rb is aryl. heteroaryl. heterocydoalkyl or the same substituted by one 
or more R a . hydroxy, thiol, halogen, cyano. carboxy, sulfonic add. aryl. 
alkylsulfonyl. arylsulfenyl. alkylsulfinyl arylsulflnyl. alkylthio. arylthio. alkoxy. 
aryloxy. sulfonamide, heterocydoalkyl. heteroaryl. acyl, ester, amido. acyioxy. 
esteroxy and/or amidooxy; 

comprising the reaction of a foran derivative of formula TO or OH) 



R*v R 9 



irx m 

wherein R 2 and R z are the same or different and each is Cl-10 alkyl or the 
same substituted by aryl, 



^OR? 



with a compound of formula (IV) 



25 



NH 2 

,i^: 



(IV) 



R 4 ' X 

and with H 2 to the presence of catalyst. 



The term "alkyl". as used herein, is defined as including saturated monovalent 
hydrocarbon radicals having straight, branched or cyclic moieties or combinations 
thereof and containing 1-20 carbon atoms, preferably 1-6 carbon atoms for non-cyclic 
30 alkyl and 3-8 carbon atoms for cycloalkyl. 
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The term "agd" as used herein, m cludeslan organ ic radical derived from an 
iehydrocarbon^^^ 



Tbe term "heterecycloalkyt\ as used herein, represents a cyclic alkyl 
(cycloalkyl). having at least one O, S and/or N atom interrupting the carbocydic ring 
structure such as tetrahydromranyL tetrahydropyranyi, piperidinyl. piperazlnyi, 
morpholino and pyrrolidinyl groups. 

The term "heteroaryi". as used herein, represents an "aryr as defined above, 
having at least one O, S and/or N interrupting the carbocydic ring structure, such as 
pyridyl. furyl, pyrrolyl. thienyl, isothlazolyL imidazolyl. benzimidazolyL tetrazolyl. 
pyrazlnvl. pyrimidyl. qoino^yi, isoqutaolyL isobenzofuryl, benzothienyL pyrazolyl. 
tadolyl, isoindolyl, purtayl, carbazolyl. isoxazolyl, ihiazotyl. oxazolyl, benztbiazolyl or 
benzoxazolyl. 

The term "halogen", as used herein, includes an atom of CL Br, F, L 

The term "hydroxy-, as used herein, represents a group of formula -OH. 

The term "thiol", as used herein, represents a group of formula -SH. 

The term "cyano", as used herein, represents a group of formula -CN. 

The term "carhoxy". as used herein, represents a group of formula -COOH. 

The term "sulfonic acid", as used herein, represents a group of formula -SO3H- 

The term -sulfonamide-, as used herein,; represents a group of formula 
-S0 2 NH 2 to which one or both of the hydrogen may optionally be replaced by "alkyl". 
"aryl\ -heteroaryl" and/or "heterocycloalkyl" or the same substituted as denned 

above* • 

The term "acyT as used herein, represents a group of formula RCO-, wherein R 
represents an -alkyl", "aryl". a "heterocycloalkyl" or "heteroaiyr moiety, or the same 
substituted as defined above. 

The term "ester", as used hereto, represents a group of formula -COOR 
wherein R represents an "alkyl", "aryl", a Tieterocycloalkyr or "heteroaryl- moiety, or 
the same substituted as defined above. 

The term "alkosy". as used herein, includes -OR groups •wherein R represents 
an "alkyl" or a -heterecycloalkyl" moiety, 'or the; same substituted as defined above. 

The term "arylroty;. as used hereto, includes -OR groups -wherein R represents 
an "aryl" or a "heteroaryl" moiety, or the same substituted as defined ahove. 

The term "alkyKnio" as used herein includes -SR groups wherein R represents 
an "alkyr or a "heterocycloalkyl" moiety. -or the same substituted as defined above. 

The term "arylthlo", as used herein includes -SR groups wherein R represents 
an "aryl" or a 'heteroaryl" moiety, or the same substituted as defined above. 
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The term -acyloxy", as used herein* represents a group* formula RCOO-, 



ing term «*uyiwvjr , -* - * - i — 

^herem^represents an-'all^lV^ ^^s^-^^-^^^^ X - 
the same substituted as defined above. j 

The term "alkylsulfonyl", as used herein: represents a group of formula -S0 2 R 
whereto R represents an "alky!" or a "hetero^dbalkyT moiety, or the same substituted 

as defined above. | 

The term -aryisulfonyl*. as used hereto. Represents a group of formula -S0 2 R 
whereto R represents an "aryT or a TxeteroaryT 'moiety, or the same substituted as 

denned above. , _ 

The term 'alkylsulfinyl\ as used hereta.lrepresents a group of formula -SO-R 
wherein R represents an W or a "heterocyclic moiety, or the same substituted 

as denned above. • , 

The term "arylsulfinyr. as used herein, represents a group of formula -SO-R 
whereto R represents an -aryl* or a Heteroaryrjmoiety. or the same substituted as 



15 defined above 



The term "esteroxy". as used herein.; represents a group of formula -OCOOR, 



20 



25 



30 



35 



whereto^Rr^resents an W. a -KeterLaxyT or "heterocycloalkyr moiety, or 

the same substituted as defined above. , , 

The term -amtdo", as used hereto, represents a group of formula -CONH 2 in 
which one or both of the hydrogen atoms njay optionally be replaced by W. -«*\ 
"heteroaryl" and/or -heterocycloal^r or «L sake substituted as denned above. 

The term "amldooxy-. as used hereiji. represents a group of formula -OCONH2 
in which one or both of the hydrogen atoms maly optionally be replaced by W. 
-aryi". "heteroaryT and/or "heterocycloalkyl" or 1 the same substituted as denned 
above. 

In the process according to the present invention. 

F? is preferably Cl-20 alkyl or Cl-2p alLl substituted by one or more hydroxy, 
thiol, halogen, cyano, carboxy. sulfonic acid. aryl. all^lsulfonyl. arylsulfonyl, 
alkylsulflnyl, arylsulnnyl. alkylthio. arylthio. altoxy, aryloxy. sulfonamide, 
heterocycloalkyl. heteroaryL acyi. ester, amtdo.jacylray. esteroxy and/or amidooxy. 

and _ ! I - — 

Rb is preferably aryl. heteroaryL hetjerocWloalhyl or the same substituted by 

one or more alkyl. hydroxy, thiol, halogen, byario, carboy, sulfonic add. aryl. 
anrylsulfonyl. arylsulfonyl. alkylsulfinyl. arylsuffinyl. alkyBhto. aryltbio. alkoxy. 
aryloxy. sulfonamide. heterocyclcalkyL heteroajyl. acyl. ester, amtdo. acylosy. esteroxy 

and/or amidoray- j 

In the compounds of formula 0) and (IV), 

i 



15:2 2 FAX 32 Z S58S4UH 



uv-u irv 



■* OEB HUN CHEW 



lg)U14 



jcjgi preferab ly -CONRSr 6 , more prefera! iiy -COWH? 
-F^is-pr^erab^Cl-6-a^^ 



[HI). R 3 is preferably hydrogen. 
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n-bulyl, or isobutyl: most preferably methyl. ethVl or n-propyl, especially ethyl. 

A furan derivative of formula OD is prefejjabty used to the process of the present 

Invention. > 

hi the compounds of formula DO. OD and 
halogen or a Cl-4 alkyL More preferably R 3 is hydrogen. 

When a furan derivative of formula OD id used, R 4 is preferably R a or hydrogen. 
,nore preferably Cl-6alkyl or Cl-6 alkyl ^ubsWuted by one or more halogens. Most 

preferably, K* is n-propyL 

When a furan derivative of formula W) is used. R 3 and R 4 are preferably the 
same. In that case. R 3 and R 4 are more preferably selected from hydrogen, halogen or 
a Cl-4 alkyL Most preferably. R 3 and R 4 are hydrogen. 

In the furan derivatives of formula (HI), R 2 and R 2 ' are preferably Cl-4 alkvl or 
benzyl, most preferably metbyl. 

The compounds of formulae CD) and tm) used in me process according to the 
invention, can be obtained by any process suitable therefore. 

Compounds of formula OD are preferahlj obtained by reaction of an aldehyde of 
formula Mwitha ketoadd of formula 00} in the presence of a base such as a cyclic 
secondary amine, preferably morpholtae/followU by hydrolysis to acidic conoitinns. 
The reaction is generally conducted at a tempajature comprised between 25°C and 
100"C. preferably between 30»C and 60°C. Mori preferably, the reaction product is 
purified by extraction, particularly with an ethejr, especially dusopropyl ether- 



r4 ^Y h W ' 



25 



The present invention therefore also reU .tes to the preparation of compounds of 



formula (ID by the process mentioned hejje above 



30 



The compound of formula (IV) usid to Reprocess according to the Invention 
can be obtained by any means suitable therefoje. It is preferably obtained by 
neutralisation of the corresponding salts] mo ^preferably from the corresponding 
hydrochloride or tartaric add salt, most preferably from the corresponding 
hydrochloride salt. 

The process according to the invention is generally conducted to the presence 
of solvent. 




w _ r . 1 — v\ r» m * 
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Preferred solvents arejelected from alcohols, water, esters such as ethyl 



. —acetate ^-andarcraiatic-solvents-such^tolWe or mIx±ures.thereof. More preferred 

solvents are alcohols. Most preferred is isopropanol. 

Preferred catalysts according to to e, 'invention are metal based catalysts, such 
5 as Pd, Pt and Ni based catalysts. More preferred are Pd based catalysts, most 
preferably Pd on C such as Johnson Matthey S% Pd on carbon - type 87 L. 

The reaction is generally cbixied ojifcat a temperature of from 25°C to 100"C. 
preferably 30°C to 60°C. most preferably 40 o C. 

The process according to the invention Is conducted in the presence of 
10 hydrogen. The process according to the invention is generally conducted under 
hydrogen pressure in the range of 0.1 to lobar, preferably 0.2 to 5 bar and most 
preferably OJZ to 0.5 bar, in a closed reactor. 

The process according to the preset Invention is also applicable to the 
preparation of pharmaceutical^ acceptable salts of compound CO- 
15 The term -pharmaceutical accepjtable salts" according to the invention 

includes therapeutically active, non-toxlc|base and acid addition salt forms which tire 
compounds of formula 0) are able to form. 1 

The process according to the invention relates to the preparation of all 
stereoisomeric forms such as geometricaljand optical enantiomeric and 
20 diastereoisomeric forms of the compounds of formula 0) and mixtures including 
racemates) thereof. The compounds of fojjmula (D and (JVJ have at least one 
stereogenic center in their structore, beirji*he carbon atom attached to the nitrogen 
atom of the pyrrolidine ring. Thisi stereogenic center is indicated by an asterisk [*) in 
compounds of formula CD and (TV). This sjereogenic center maybe present in aR or S 
25 configuration, said R and S notatjtan is used in accordance with the rules described to 
Pure. Appl. Chem.. 45 (1976) 1 1-30. j \ ( 

The process according to the invention preferably applies to the preparation of 
compounds of formula (1) in the (S)- or initfre Ug-form. 

The term "(S)-fonn. as used herein'' means that the compound in question is 
30 composed of more than 50 %, preferably more than 90% of the enantiomer havingthe 
stereogenic carbon atom indicated by an [asterisk in the S configuration. 

The term -(R)-form". as used herein: means that the compound in question is 
composed of more than 50 %. preferably jriibre than 90% of the enantiomer having the 
stereogenic carbon atom indicated by an (asterisk in the R configuration. 
35 The process according to the invention is particularly suited for the preparation 

of compounds of general formula! U) in the (SJ-form- 

i 1 



vising a co mpound of formula gV) 



5 



0 



15 



In this case, the process a wording p> the invention is preferably conducted by 



"gform or in the (R)-forau 



When F? and/or R* are dii ferent fij>,m hydrogen, the compounds of formula 0) 
have at least one supplementary jkereogenic center in their structure, that is the 

i I [ 

carbon atom to which such R 3 and R* is attached. 

In that case, the process Jiay cent ato a further step wherein the obtained 
dlastereoisomers are separated, sjuch sep aUtion can be done by any means suitable 
therefore. It is preferably done by [chromatography, in particular using a chiral 

i !' 

stationary phase. j ! fa 

The process according to the invei iion particularly applies to the preparation 
of compounds of formula CO hi thi (2S.4S] and (2S.4K) form. The term t2S.4S> 
[respectively (2S,4R)] as used herein mesa li? that the compound to question is 
composed of more than 50%, preferably n lore ttpn 90% of the diastereoisomer having 
the stereogenic carbon atom indicated by an asterisk in the S configuration and the 

carbon atom to which R* is attached in the;S configuration [respectively R 

!v ■ 

configuration]. j' ; 

The following examples ar s provid sdfor illustrative purposes only and are not 



intended, nor should they be construed* 
Those skilled in the art will appreciate 
following examples can be made without 




Example 1: Synthesis of (2S)-2-l(4ig-2-o^ 



1, 1 Synthesis of (2S)~2-aniinobuty ramide free base 



HO 
2 



O OH 
OH O 



liTnUiTig the invention in any maimer, 
•routine variations and modifications of the 
:eeding the spirit or scope of the invention- 



NH^OH. iPfOH 



30 the temperature below 25°C. Ihe 



1800 ml of isopropanol art introduced in a 5L reactor- 1800 g of (2S)-2- _ 
aminobutyramide tartrate are added und ^stirring at room temperature. 700 ml of a 
25% aqueous solution of animon urn hyd tfxide are slowly added while ma i nt ai n i ng 



I is stirred for an additional 3 hours and then 
the reaction is allowed to complete at l8°pfbr 1 hour. The ammonium tartrate is 
filtered. Ifield: 86%. 



.ni/nA/nonn ir.ir 
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1.2 Synthesis of 5^hydro^-4-n-pr< i^l-furan-2-one 

— - I, 



-^v 1 + h 'V oh 
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iJiHCl 




Heptane (394 ml) and morpholine [ii27.5 ml) are Introduced In a reactor. Hie 
mixture is cooled to 0°C and glyoxylic acii A195 |g. 150 mL 50w% in water) is added. 
The mixture is heated at 20°C during 1 h< 4jf, a^d then valeraldehyde (148,8 ml) is 
added . The reaction mixture is heated at 4|°C during 20 hours. After cooling down to 
20°C. a 37 % aqueous solution of HC1 (19 ^9 mB is slowly added to the mixture, which 
is then stirred during 2 hours. 



After removal of the heptane phase, the aqfieous phase is washed three times with 

. . A i . . 



heptane. Diisopropyi ether Is added to the 
removed, and the aqueous phase further 
diisopropyi ether phases are combined, 
azeotroplc distillation. After filtration and 



Salqueous phase. The organic phase is 

_ Jtrac :ed with diisopropyi ether (2x). Hie 

washed with hiine and then dried by 
Si 

evaporation of the solvent, 170g of 5- 



ascQuupiu uiDuiiauuu. — :-j — i — 

hya^^4-n-propyl-furan-2'One are obtai afed a* a brown oJL Yield: 90.8 % 



1.3 Synthesis of (2S)-2-((4R)-2-oxo 
(2S)-2-((4S)-2-oxo-4-n-propyl-l 



HO 




.W-pjropyl-l-pyrToUdto and 
-jpyrrolidiiiyljbutananiide 





P) CS. S) 

The (2S)~2~aminobufyramide sohitiu m in isopropanol con taining 250 g obtained 

Jfc distillation under vacuum- To the dried 

(2S)-2-aminobutyramide solution is added HLyo^^ (290 g> 

between 15°C and 25 °C; the mixture is hek|U to*30 °C and kept for at least 2 hours at 
that temperature. Acetic acid (1,18 eq.), Pd|c catalyst (5 w/w%; Johnson Matthey 5% 
Pd on carbon - type 87L) are then added 
under pressure. The temperature is Kept 




hydrogen introduced into the system 
C maximum and the Kb pressure 
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maintained between 0,2 bar and 0,5 bar 
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RnHnwi^g tHp initia l reaction. H ie sghxtij 
and filtered to remove the catalyst Hie si 
switched to a solution of product in isopxop; 




isopropyl acetate. Hie organic solution is 
followed by a brine wash and then filtered. 
oxo-4-n-propyl- 1 -pyrrolldinyl)butanamide 



don' bf product in isopropanol is solvent 
'ace ate by azeotropic distillation with 
ed with aqueous sodium bicarbonate 
flfeer ifecristallisation, 349 g of (2S)-2-((4R)-2- 



l: P 

and (2S)-2-U4S)-2-aro-4-n-propyl-l- 
pyrrolidinyObutanaxnide are obtained (Yieldc 82.5%). 



10 1.4 Preparation of (2S)-2-((4R)-2^c^n|propy 

r 1 

The chromatographic separation of the two diastereoisomers obtained in 1.3 is 
performed using of (CHIFALPAK AD 20 pr # chiral stationary phase and a 45/55 
(volume /volume) mixture of n-heptane an d| ethabol as eluent at a temperature of 25 ± 

i5 2°a 

The crude [2SJ-2-((4F)-2-oxo-4-n-prapyi-l 
recristallised in isopropylacetate. yielding .~ T » . 
pyiTohdinyl)butanairiide [Overall yield: 80K).' 



owecl by storing for at least 20 hours 
i cooled to between 1 5 °C and 25 e C 



lidinyUbutanamide thus obtained is 
(2SJ-2- ((4F)-2-oxo-4-n-propy1-l - 



20 Example 2: Synthesis of (2S)-2-((4R)-2-oKoi 4-n-propyl-l-pyirotidiayl)butananiide 




HCINH, 
+ j/^y-W^ 1)NH3 
I O 2)Hj 



X0%AcQBinM 



Example 1 is repeated except that 



aminobutyiBmide.HCl in isopropanol is used. (2Z.72 g. 1.2 equivalent^ which is 



25 neutralised with_a NHb /isopropanol soli 



chloride is removed from this solution by fiffiration and the solution is directly used for 

• ■ t * i 

reaction with 5-hydii>^^n-propyi-ftuan-2HQne (23.62 g, 1.0 equivalent) without 
intermediate drying of the (2S)-2~aminobu t rramide solution. Yield after separation of 
the two diastereoisomers and recristallisatton: approximately 84%. 




1.1a solution of (2SJ-2- 



J {3,4-3,7 mol/L)- The resulting ammonium 



10 



15 



Example 3: Synthesis of [S)-(-)^-ethyl-2-oio-l-^yrrolidine acetamide 

I iS 



20 



25 



1 

•10 , 8 



(2S)-2-AiniaobutyraiDide ftee base 



•Pd/C 



I 



(Sg) ijdissolved In water (SO ml) and 2.5- 



dimetho^2,5Kiihydro ftiran Is adiied (2.4] jL 1 ejlJ. Aqueous HC1 (2,4 mL 13 eqj is 
added at room temperature and the reactic n mixfeure is stirred for 1.5 hours- Sodium 
carbonate is then added until the ptt of thi : jjnixix re reaches 8-9, Then, a Pd/C (5%) 
catalyst in a mixture of water and ethand 420 qfi is added together with H 2 and 
maintained during 35 minutes. The solut on is fcooled between 15 °C and 25 °C and 
filtered to remove the catalyst- ^ . -J jjj 

Ethanol is removed under vacuum and the ' jaesired compound extracted with ethyl 
acetate; the organic solution is then washe d witt|brine. dried over magnesium sulfete 
and evaporated to give (S^(-)-a^thyl-2-0W^-py|roUdine acetamide (Yield: 13%). 



Example 4: Synthesis of methyl H(15)~l 
pyrrolidinecarboaylate 



\ 



HO 



2-Hydro^-5-oxo-2,5-dihydr6--f 
methanol (40ml) is added to a solution of 
(30ml) in a hydrogenation reactor, and ttu i 




|>carbonyl)propyl]-5-axo-3- 



o 



■NHa 



. I 

3-carboxylic acid methyl ester (3.08g) in 
O-^aminobuiyramide (2~0g) in methanol 

* » _ is maintained for at least 2 hours at 

1 



room temperature. Then Pd/C catblyst (1 R w/ ^ : Johnson Matthey 5% Pd on carbon 
- type 87L) is added and hydrbgeij ifxtrod iced into the system under pressure. The 
temperature is kept at 40°C majdmum ai £ the|iydrogen pressure between 4 bar and 



5 bar, followed by stirring for at least 20 ] l; 
solution is then cooled between 15°C and 
solvent is evaporated under vacuum and 
preparative liquid chromatography (ehier 
43%), 



|mrs|ol 



Mowing the initial reaction. The 
25°c!and filtered to remove the catalyst. The 



the resulting yellow product is purified by 
dicliloromethane /methanol (95:5)) (Weld 
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A process for the preparation ^6fj2-oxc 
(0, and salts thereof. 




tlidtae derivatives of general formula 



ra 



wherein : 

R 1 isR 1 orKF; 

R 3 and are the Wane oij .biffe^nt and each Is, Independently, 
hydrogen, hydroxy, thiol, ha]ogen,i;cyaItp , , carboxy, sulfonic acid, R a , R b , 
aBsylsulfonyVaxylsu^^ alkylthlo. arylthio, alkoxy, 

aryloxy, sulfonamide, acyl| : eiter. a^dojjacyloxy, esteroxy or amidooxy; 

X is -CONRSR 6 , ~^ q ^ r7 J 

R 5 , R 6 , R 7 are the'Baime olijdifferent. and each Is, Independently, 



hydrogen, R a or R*; 



Ra is Cl-20 alkyl o5r,Gl-2o|akyl substituted by one or more hydroxy, 
thiol, halogen, cyano. car^bir, sulfoniclcid. R* alkylsulfbnyl, aiylsiilfonyl, 
aUqrlsulfinyL aiylsulflnyL '^U^tbi|. aryjthio, alkoxy, axyloxy. sulfonamide, acyl, 
ester r amido, acyloxy. estdroi^ and/or ainidoaxy; 

R* is aryl, heteroaijylj heteLcyclqalkyl or the same substituted by one 
or more R* hydroxy, thioljj hjdogJL cy^o. carboxy. sulfonic add. aiyl, 
aiylsulfonyl, arylsulfonylJia^lsu^yll alkylthio, arylthio, alkoxy. 

aryloxy. sulfonamide, het^cydol^LlEieteroaxyl, acyl, ester, amido. acyloxy, 
esteroxy and/or amidooxyji 



comprising the reaction of a 




furan,taeriv 



P 



i/e of formula (£0 or (ED 

R 3 



(no 



wherein R 2 and R 2 ' are the same for difljprent and each is Cl-10 alkyi or the 
■ame substituted by aryl, j 
with a compound of fbntr&la (TV) 
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and with H2 in the presencte 



si. 



The process according to clair jj. ] 
The orocess according to any of j 



12 



□f cataystj 



The process according to clairtij ( ll, wherein ajfuxan derivative of formula (P) is used. 

A ' Xk or 2, wherein r3 13 hydrogen. 
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The process according to any j&f clalm^ 2 tojs. wherein R* is R? or hydrogen. 

5. The process according to clali|| 4 . whey dn is Cl-6 alkyi or Cl-6 alkyl 
substituted by one or more hjalc gens. ] j| 

6. The process according to elaiitej' t >, whey an H* is n-propyL 

7. The process according to any m jthe prfe ceding claims, wherein X is 

8. The process according to claim 7 r wher an X is -CONH2. 

9. The process according to any lifjjciaiiiil 1 tc|&, wherein R 1 is alkyl. 

10. The process according to clauM 9, wher sin I^ 1 is ethyl. 

11. The process according to any iff {claims 2 tqjjlO. wherein the compound of formula 

CD) is obtained by reaction of 'an aldelfyde Iff formula [V) with a ketoacid of formula 

jl ll! 



(VI). 





wherein R 3 and R A are as di 

12. The process according to anyj 

formula (IV) is obtained by n| i|xalisat ion 

13. The process according to any|c^ p^ 

Pt or Ni based catalyst. | 
14- The process according to claim jjlS, wl: 

15. The process according to air 

formula CD are in the (S)-forrii 

\\ |L- j 1 

16. The process according to claimjjlS: wh 

(SJ-form. |[! ;j . t 

17. The process according to an 

are different from hydrogen 




in the presence of a base. 

claims, wherein the compound of 
the corresponding hydrochloride salt, 
claims, wherein the catalyst is a Pd. 



the catalyst is a Pd based catalyst- 
claims, wherein compounds of _ 

compounds of formula (D are in the 



claims, wherein when R 3 and/or R 1 
omers are further separated. 



IFD 

i' rq 



13 



18. The process according to any of jiie precedir 5 claims, which is applied to the 

f I*' _ j£ — * " 



preparation of C 2S)-2-((4RJ-2- oxtf4-n-prt^^ 



I 
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